This paper studies the impact of macroeconomic volatility/uncertainty on the accumulation of net foreign assets of a country. We first show that in OECD economies over the period 1970-2012 increases in country specific macroeconomic volatility are, after controlling for wide array of factors, significantly positively associated with accumulation of net foreign assets. We show that this relation arises naturally in the context of a standard open economy consumption/saving/investment model. Changes in country specific macroeconomic volatility act as observable changes to the country specific rate of time preference which increase the gains from international inter-temporal trade, and hence make external imbalances more likely. We conclude that time varying macroeconomic volatility is a quantitatively important factor to understand the causes and forecast the medium/long run evolution of external imbalances across OECD countries.
Introduction
This paper argues that time varying uncertainty about macroeconomic conditions (which throughout the paper we'll measure as realized macro volatility) is a quantitatively important determinant of domestic consumption/saving decisions and through those, on the medium long run evolution of net foreign asset positions of countries.
We first show that, for OECD countries over the last 40 years, medium run changes in macroeconomic volatility are significantly positively associated with changes in net foreign asset position. In order to understand these patterns we introduce time varying macroeconomic uncertainty in a standard open economy model and show that the model can account for this relationship well, both in the short and in the long run. The intuition is simple:
in response to increases in domestic uncertainty agents increase their precautionary saving balances. Decreasing returns in domestic capital, increasing risk of domestic capital (due to the increase in uncertainty) and the assumption of open economy imply that the bulk of the additional precautionary saving will go into foreign assets. If changes in uncertainty are persistent, the accumulation of foreign assets continues through time and can lead to sizeable changes in medium/long run net foreign asset positions, thus generating persistent "global imbalances".
Our findings suggest that time varying uncertainty, which many authors are recently putting at the center stage of macroeconomic analysis, is an important factor to understand macroeconomic outcomes, but especially in the context of open economies. To give a more precise example many countries in our sample experiences changes in volatility (relative to the one of their partners) in excess of 50 basis points. Our data and theory together suggest that such a change can lead, over the span of 10 years, to a change in the net foreign asset position of that country of around 8% of GDP . We also find the model useful to precisely understand and quantify the channels through which uncertainty affects agents' decision and to understand how the effects of uncertainty depend on structural aspects of the economy such as preferences, persistence of shocks, the development of international financial markets. This paper is related to two strands of literature. The first is the one which studies the recent phenomenon of "global imbalances" and search for causes of the growing dispersion of external imbalances in various countries. 1 Our study suggests that, in a world with integrated capital markets and persistent differences in country specific volatilities, large imbalances are bound to emerge as differences in volatility act as (observable) differences in rate of time preferences and hence create a strong motives for intertemporal trade. The second strand is the literature that studies the effect of changes in macroeconomic uncertainty on aggregagate outcomes 2 . Most of the literature focuses on the importance of shocks to uncertainty in generating business cycle fluctuations, while our work focuses on global imbalances and show that even in the case where shocks to uncertainty have modest business cycle impact, they can have a sizeable impact on external positions of countries.
The work is also connected to the literature that studies how the optimal level of external reserves of a country depends on aggregate risk. 3 The paper is organized as follows. Section 2 provides empirical evidence on the relationship between volatility of output growth and external imbalances. Section 3 presents the model. In section 4 we describe how we use the model to understand the data. Section 5 analyzes the importance of different structural factors in how uncertainty affects the economy and Section 6 concludes.
Empirical evidence
This section first establishes that for developed countries changes in (relative) macroeconomic volatility are positively associated with changes in net foreign asset position. This relationship constitutes our key piece of evidence about the role of precautionary motives in determining inter-temporal trade patterns across countries.
Our sample consist of the set of all OECD countries for which we could obtain comparable (across time and countries) macroeconomic data starting at least in the early 1980s.
The final dataset is an unbalanced panel which includes 21 countries and spans from the first quarter of 1970 to the last quarter of 2012. 4 . Our benchmark measure of relative macroeconomic volatility for a country in a given time interval is the standard deviation of quarterly real GDP growth over the interval minus the average (across the other countries) standard deviation of quarterly real GDP growth over the interval. Our benchmark measure of net foreign asset position is total gross foreign assets minus total gross foreign liabilities over GDP, averaged over the same interval. The association between the variables that appear in figures 1 and 2 might be driven by any common factor that drives, at the same time, volatility and net foreign asset position.
In order to control for these we next turn to linear regression analysis. Table 1 reports the coefficients obtained regressing the benchmark measure of net foreign assets (averaged over 10 years windows) on volatility (computed as the standard deviation of GDP growth over the same window) and on a set of controls. In all regressions we include include country and year fixed effects. Country fixed effects control for the possibility that some unobserved characteristic of a country (for example institutional quality) drives at the same time long run volatility and external imbalances. Time fixed effects capture events that might affect the net foreign assets of countries at the same time, such as, for example, the emergence of China. Another important control we include is average GDP growth over the window.
If high growth periods are also low volatility periods, and high growth induce countries to borrow on international markets to finance investment, then a positive relation between volatility and net foreign asset position would arise but not for precautionary reasons. Chinn-Ito index of financial openness. All the controls are also computed using the 10 year window. Table 1 reports the results obtained for four different specifications of the regression. The results in the first column are those obtained in the baseline regression that only includes volatility as a control, together with country and time fixed effects. We then add progressively more controls. Specifically, we add average GDP growth in column (ii), our two measures of inflation over the period in column (iii) and the two measures of financial openness in column (iv). We find that the volatility of GDP growth is significant at the 1% level in all specifications, even when standard errors are estimated in the most conservative fashion, i.e. allowing for arbitrary correlation structure for the errors at the country level. 5 The magnitude of the coefficient is stable across specifications and economically relevant, as, for example, a 0.5% change in relative volatility (experienced by many countries in our sample) is associated with a change in the ratio of net foreign asset position to GDP of about 8% Both country and time dummies are also strongly significant reflecting the importance of country specific factors and of common time trends (such as financial globalization or the growing importance of new industrial nations such China or India) in explaining trends in net foreign assets. The rationale for including the additional variables in the regression is to control for potential changes in policy which would at the same time affect country volatility and external imbalances. We first control for policies indirectly by including average GDP growth over the period as, for example, good macroeconomic policies might lead to higher growth (and hence higher international borrowing) and at the same time lower volatility. We also control for policies directly by including two commonly used measures of monetary policy (average and standard deviation of inflation) and two measures of financial integration. We find it remarkable that none of these measures is significant in explaining the changes in net foreign assets. Robust standard errors in parentheses account for clustering at the country level.
All regressions include a constant, country and year fixed effects.
* p < 0.10, ** p < 0.05, *** p < 0.01
In table 2 we investigate the robustness of our results to alternative way of computing volatility of GDP growth and to changes in the sample. In columns (i) and (ii) we report results when we compute all our variables (including volatility) over 5, as opposed to 10, years windows. Notice how the coefficient on volatility is lower but remains strongly significant. In the theoretical section we will show how a reduction of the size of the coefficient with the length of the window is consistent with the mechanism we propose. In columns (iii) and (iv) we compute the volatility of GDP growth by estimating a univariate GARCH (1, 1) on quarterly data from our sample and then take yearly averages of the quarterly series of conditional standard deviation resulting from the GARCH. Notice that volatility is still significant, although less so than in previous specifications. We believe that this is due to the presence of high frequency variation in the volatility estimated from the GARCH, which is not associated with high frequency variation in net foreign asset position. So this result suggests that most of the association between volatility and net foreign asset positions happens at medium low frequencies. In the last 2 columns we restrict the sample to include only the 1985-2005 which is a period of lower business cycles volatility and higher financial integration.
For the sake of brevity we do not report all the additional controls included in table 1 but for none of the specifications reported in table 2 they are significant. a) Net foreign asset position in each specification is computed on the same window used for computing volatility.
Robust standard errors in parentheses account for clustering at the country level.
The main result of this section is that for OECD countries there is a robust, economically and statistically significant and robust positive association between relative changes, over thee medium/long run, in volatility and changes in net foreign asset position. Quantitatively a change in the relative volatility of a given country of the order of 0.5% (which many countries in our sample have experienced) over a ten year period is associated with a change in net foreign assets for that that country of the order of 8% of GDP. In the next section we will show how such a link arises naturally in a simple open economy model of consumption/saving/investment decisions, and we will assess whether the link generated by the model is quantitatively consistent with the link measured in the data.
Model
We consider a version of the standard one-good two-country business cycle model (as and production is subject to country-specific technology shocks.
In each period t, the economy experiences one of finitely many events s t. We denote by s t = (s 0 , . . . , s t ) the history of events up through and including period t. The probability, as of period zero, of any particular history s t is π(s t ). We assume that idiosyncratic risk within each country is perfectly insured among residents so we can consider a representative consumer in each country who has preferences of the form
where c i (s t ) and l i (s t ) denote consumption and labor of the representative consumer in country i after history s t , U (c, l) is a standard utility function and β > 0 is a positive parameter capturing their rate of time preference. The representative agents in the two countries are endowed with one unit of time and they supply labor to domestic firms in exchange for a wage w i (s t ) , own and (possibly) trade share in domestic and foreign firms, trade internationally an uncontingent default-free bond b i (s t ) which pays a gross interest R(s t ) and choose consumption in each state of the world to maximize their expected lifetime utilities, given in (1) subject to the following budget constraints:
and initial conditions
In (2) and (3) d i (s t ) denote dividend paid by firms in country i, λ i (s t ) and λ F i (s t ) denote holdings of shares of domestic and foreign firms, and p i (s t ) denote the price of shares of domestic and foreign firms. In the case in which we exogenously restrict 
where Q i (s t ) are state contingent prices used by firms to evaluate dividend payments in state s t , A i (s t ) is a country-specific total factor productivity shock which follows an exogenous process with time varying volatility (the process will be specified in the next section), α is a constant parameter determining the relative importance of capital and labor in production, x i (s t ) represent investment, δ and φ are fixed parameters that determine the rate of capital depreciation and the size of capital adjustment costs, respectively. .Notice how the state-contingent consumption prices Q i (s t ) affect firms decisions regarding how to divide earnings between investment and dividend payments. In the reminder of the paper we assume that domestic firms use the stochastic discount factor of the representative domestic household to price the marginal cost of foregoing current dividends in favor of extra investment 6 , i.e.
An equilibrium for this economy is defined as a collection of mappings for prices
and portfolio choices b i (s t ), λ i (s t ), λ F i (s t ) such that, when consumers and firms take prices and exogenous processes as given, the quantities and portfolio choices solve their optimization problems, and such that the markets for consumption/investment goods, capital, labor, bonds and stocks clear in each country, in each date t and in each state s t .
Results
We will now use the model just described to answer the following questions: To answer these questions, we first choose parameter values and then characterize the numerical solution of the model.
Parameters and computation
We need to set a functional form for the utility function U (c, l), values for the discount factor β, for the technology parameters α, δ and φ and most importantly for the process for TFP shocks A i (s t ). The discount factor β, the capital depreciation rate δ, the share of capital in production α and the capital adjustment costs φ are set so that a symmetric equilibrium in the model (i.e. an equilibrium in which both countries face equally volatile shocks) displays an average return to capital of 4%, a yearly average capital to GDP ratio of 2.5, an average share of GDP going to labor equal to 64% and an investment series which is 2.5 times as volatile as the GDP series. These values are typical for the US and other major world economies and the structure of the model allow us to easily and precisely identify the parameters. The functional form and the parameters describing preferences of the representative agents in both countries are obviously important. In the benchmark case we assume a standard Cobb Douglas utility
and we set the parameter µ in order to match a fraction of time spent working equal to 1/3 and the curvature parameter to 2. In section 6 below we will explore more the role of the curvature parameter and of the functional form for utility. The last important input of the model is the stochastic process for TFP shocks. We specify it as a bi-variate autoregressive process of the form
where ρ, ψ and ρ V are fixed parameters and ε i (s t ), η i (s t ) are jointly, un-correlated, normal shocks with zero mean, and variance σ 2 ε and σ 2 η respectively. Note that ε i (s t ) are the standard innovations to T F P, while η i (s t ) are innovations to the standard deviation of TFP innovations, which is time varying and equal to V i (s t )σ 2 ε . We first set the parameters ρ = 1 , ψ = 0. As discussed by Baxter and Crucini (1995) , this choice of parameters is not inconsistent with data and allows a model like the one discussed above to better match the international cross correlations of output and consumption. Note finally that, since we are interested in capturing the effect of changes in volatilities, we do not numerically compute equilibria of this model using standard linearization based methods, as, using such methods, individuals' and firms' decision rules are independent from second moments of the shocks. We instead compute decision rules using third order approximation methods, as the third order is necessary to capture the impact of changes of variance on agents decsion rules.
The impact of volatility changes
As a benchmark case we consider the economy parameterized above and in which the only assets traded is a non contingent bond. In Figure 3 below we show the 30 years expected responses of key variables to a permanent unanticipated increase in volatility in country 1. In particular (see panel a) we start both countries with equal standard deviation of volatilities (equal to 0.8% which is the unconditional mean of the volatility of productivity shocks in all countries in our sample) and with other state variables equal to their long run average. 7 We then increase the volatility of innovation to productivity shocks of country 1 by 1% so that it is easy to compare the association between volatility and imbalances in the model and in the data.
Notice in panel (b) how the increase in relative volatility leads to a sizeable net foreign asset accumulation from country 1 and a corresponding imbalance in country 2. The magnitude of the response of external imbalance to a volatility shock predicted by the model is a bit smaller but of the same order of magnitude of the response measured in section 2. The data suggests that over a period of 10 years a 1% increase in volatility is associated with about a 18% increase in net foreign assets. Panel (b) suggests that the 10 year effect of a 1% increase in volatility on net foreign assets is about 10%. Also interestingly the model predicts that the response of net foreign assets to a given change in volatility increases with the duration of the volatility change and the evidence we presented in table 2 suggests that a similar phenomenon is observed in the data.
In order to understand the dynamics leading up to the imbalance, in panels c through f we report the expected paths of labor, consumption, capital stock, investment, current account and real interest rate. Since consumers in country 1 hold all claims to country 1 GDP, an increase in volatility increases their risk and their precautionary saving motive.
This effect makes them more "patient" by effectively changing the "risk adjusted" rate of time preference in country 1. Since there is no similar effect in country 2 the equilibrium interest rate on international bonds (which before the shock was equal to the reciprocal of the common "risk adjusted" discount factor) falls now in between the the reciprocal of the two different discount factors; as a consequence consumption of agents in country 1 will fall on impact but drift upward after and consumption in country 2 will raise on impact and drift downward in subsequent periods. The preferences imply that households desired path of leisure mimics the path of consumption and thus labor supply in country 1 increases on impact, increasing returns to capital in country 1 and leading to additional capital in country 1 while the opposite happens in country 2. In the long run though the increase in consumption in country 1 is associated with an increase in leisure which eventually leads to reduction in capital invested in country 1 and to the opposite in country 2. Note that, as long as differences in volatility are permanent are permanent, the imbalance continue to grow. This is because an ever increasing consumption path and and an ever falling labor and capital path in country 1 can only be financed by accumulating a growing amounts of foreign assets. Note also how all variables (i.e. investment, consumption, capital, labor) except net foreign assets have a small and non monotone response to a change in volatility, thus explaining why in our empirical exercise the change in foreign assets and the changes in volatility were so strongly associated.
One aspect that might puzzle the reader is the allocation of capital. Panels (e) and (f)
show that when capital in country 1 becomes more risky (with the same return) more capital is allocated (in the short run) to country 1. As discussed above this is due to the change in precautionary saving motive and to the assumption about preferences which induce a tilt in the time path for leisure. In figure 4 below we show that if we change preferences so to eliminate wealth effect from labor/leisure decision (i.e. if we assume that preferences have the following functional form U (c, l) = ( • Result 1. We simulate the model with both shocks to productivity and to the volatility of productivity and then run on data generated by the model the same regressions we run in the data, to evaluate whether the impact that changes in risk have on net foreign asset position in the model can generate the relation we see in the data. The key result is that the model captures a substantial part of the medium run co-movement between volatility and net foreign asset position. "V" denotes regressions of net foreign asset position on volatility of GDP growth, "VG" denotes regressions on volatility and average GDP growth.
All regressions on the real world data include a constant, country and year fixed effects. All regressions on simulated data include a constant and country fixed effects. The regressor in this case is relative volatility of GDP growth, which delivers results comparable to including year fixed effects and using plain volatility of GDP growth at the same time.
• Result 2. First we compute the cross sectional standard deviation of net foreign asset position (after controlling for country and time fixed effects) in the data and then we assess how much of this cross sectional dispersion can be reproduced by the model. All statistics are computed using 10 year rolling windows. With Greenwood-Hercowitz-Huffman preferences, the inverse Frish elasticity of labor supply ξ is set equal to 2 and the utility weight of labor µ = 21.7, which yields a steady state value for the labor supply of approximately 0.33. In the stock economy, we set holdings of shares of domestic as well as foreign firms by country 1 equal to 0.5. All the remaining parameters are left as in the baseline calibration 1. With simulated data, the regressor is the relative volatility of GDP growth.
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